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Abstract
Background: Anoxic coma following cardiac arrest is a common problem with ethical, social, and legal
consequences. Except for unfavorable somatosensory-evoked potentials (SSEP) results, predictors of
unfavorable outcome with a 100% specificity and a high sensitivity are lacking. The aim of the current
research was to construct a clinical and EEG scoring system that predicts early cortical response (N20) to
somatosensory evoked potentials and 6-months outcome in comatose patients after cardiac arrest.
Methods: We retrospectively reviewed the records of all consecutive patients who suffered cardiac
arrest outside our hospital and were subsequently admitted to our facility from November 2002 to July
2006. We scored each case based on early clinical and EEG factors associated with unfavorable SSEPs, and
we assessed the ability of this score to predict SSEP results and outcome.
Results: Sixty-six patients qualified for inclusion in the cohort. Among them, 34 (52%) had unfavorable
SSEP results. At day three, factors independently associated with unfavorable SSEPs were: absence of
corneal (14 points) and pupillary (21 points) reflexes, myoclonus (25 points), extensor or absent motor
response to painful stimulation (28 points), and malignant EEG (11 points). A score >40 points had a
sensitivity of 85%, a specificity of 84%, and a positive predictive value (PPV) of 85% to predict unfavorable
SSEP results. A score >88 points had a PPV of 100%, but a sensitivity of 18%. Overall, this score had an
area under ROC curves of 0.919. In addition, at day three, a score > 69 points had a PPV of 100% with a
sensitivity of 32% to predict death or vegetative state.
Conclusion: A scoring system based on a combination of clinical and EEG findings can predict the absence
of early cortical response to SSEPs. In settings without access to SSEPs, this score may help decision-
making in a subset of comatose survivors after a cardiac arrest.
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Background
Despite improvements in cardiopulmonary resuscitation,
56% to 90% of patients who remain comatose after car-
diac arrest have a poor outcome (death or permanent veg-
etative state) [1]. For this reason, intensive care physicians
are confronted with the ethical question of whether to
continue treatment. In this context, early predictors of
poor outcome would be valuable.
In the last few decades, several clinical and electrophysio-
logical variables have been reported to be strongly associ-
ated with a poor outcome in comatose survivors of cardiac
arrest; these include absence of pupillary and corneal
reflexes, absent motor response to pain [2-5], myoclonus
or epilepticus status [6,7], an increase of neuron specific
enolase (NSE) in serum [8], and a burst-suppression or
isoelectric electro-encephalography (EEG) pattern
[7,9,10]. However, in most cases, evidence predictive of
poor outcome remains to be determined [1,8,11].
In contrast, bilateral absence of early cortical responses to
somatosensory evoked potentials (SSEPs) demonstrated a
100% specificity for predicting poor outcome in this pop-
ulation [1,5,8,12-17], but this electrophysiological proce-
dure is not routinely performed in all ICUs. For example,
in a systematic review of early prediction of poor outcome
in anoxic-ischaemic coma, the prognostic value of SSEPs
was studied in only 11 out of 33 studies (33%) [1]. There-
fore, alternatives are needed in settings without SSEPs.
We identified risk factors associated with unfavorable
SSEP results; and based on these risk factors, we computed
an early clinical and EEG score and assessed its predictive
value, sensitivity, and specificity for predicting unfavora-
ble SSEP results. Finally, we assessed the value of this score




We conducted a retrospective cohort study of all consecu-
tive patients who had suffered cardiac arrest outside the
hospital and were subsequently admitted to the adult
intensive care unit in the Caen University Hospital from
November 2002 to July 2006. Patients who died or awoke
within the first three days of admission were excluded
from this analysis.
Data collection
The institutional review board was consulted and consid-
ered that this protocol did not require Ethical approval
given the observational and non-interventional nature of
the study investigating routine care. Clinical variables col-
lected at baseline were: age, sex, medical history (cardiovas-
cular, respiratory, neurologic, metabolic diseases), cause of
the arrest (cardiac, respiratory, other or unknown), time
between arrest and cardiopulmonary resuscitation (<3
min, 3–5 min, >5 min), cardiac rhythm before cardiopul-
monary resuscitation (ventricular fibrillation or tachycar-
dia, asystole, pulseless rhythm), duration of
cardiopulmonary resuscitation (<5 min, 5–15 min, >15
min), and scoring of disease severity within the first day in
ICU as assessed by admission Simplified Acute Physiology
Score type II (SAPS II) [18] and Acute Physiology and
Chronic Health Evaluation (APACHE) II score [19].
Clinical procedures performed at days one and three were:
pupillary light reflex (present/absent), motor response to
painful stimulation (extensor or absent response/other
response), corneal reflex (present/absent), tonic-clonic
seizures (present/absent) and myoclonus (present/
absent).
Electrophysiological assessment
EEG and SSEPs were routinely performed in our center. For
the purpose of this study, a neurophysiologist expert (O.E.)
retrospectively reviewed all EEGs to allow similar definitions
and increase homogeneity of the material. He was blinded to
the clinical features at the time of recordings and to the out-
come. EEG was recorded on at least a 10-channels system
with needle electrodes using 10–20 international system
(Fp1, Fp2, C3, C4, T5, T6, O1, and O2). The EEG patterns
were classified at day one and day three according to the clas-
sification system of Synek et al [20,21] [see Additional file 1].
EEG results were dichotomized as malignant and non-malig-
nant, including benign and uncertain patterns. SSEPs were
systematically performed the third day after cardiac resuscita-
tion. However, if SSEPs recording was due on a weekend day,
the recording was postponed to Monday. SSEps were
recorded on Nicolet Viking IV using 6 channels: erb'point;
C6sp; C'3 or C'4 controlateral to the stimulated hand and
Fpz (ipsilateral ear was used as reference). The two remaining
channels served as channels control: C'3 – C'4 (or C'3–C'4)
on which N20 amplitude was measured and Fpz-C'3 (or
Fpz-C'4) in order to check for long-latency component using
larger time-window. Absence of early cortical responses to
somatosensory evoked potentials were asserted only if the 3
following conditions were present: (i) correct peripheral
(N10) and medullar (N13) component, (ii) no deflexion
higher than 0.5 μV on C3–C'4 (or C'3–C'4) (iii) no late com-
ponent on Fpz-C'3 (or Fpz-C'4). Two groups of patients were
defined for statistical analysis according to SSEP results:
Group 1, patients with bilateral absence of early cortical
responses (unfavorable result of SSEPs) and Group 2,
patients with uni- or bilateral presence of early cortical
responses (favorable result of SSEPs).
Assessment of outcome
Neurological status at six months after cardiac arrest was
recorded using the five grade Glasgow-Pittsburgh CerebralBMC Cardiovascular Disorders 2008, 8:35 http://www.biomedcentral.com/1471-2261/8/35
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Performance Category (GP-CPC) scale [22] [see Addi-
tional file 2]. Neurological outcome was classified as favo-
rable (GP-CPC 1, 2, and 3) and unfavorable (GP-CPC 4
and 5).
Treatment and treatment restriction
All patients were treated without restriction for the first
three days following cardiac arrest. They received standard
intensive care management and monitoring, including
induced hypothermia as recommended [23,24]. Propo-
fol, midazolam and sufentanyl were used as standard sed-
ative and were stopped shortly before clinical assessment
and EEG recording when this was possible. Hypothermia
was induced using a endovascular cooling catheter (Icy™,
Alsius, Irvine, CA, USA), inserted in the inferior vena cava
via the femoral vein and connected to a cooling device
(Coolgard 3000™, Alsius, Irvine, CA, USA), and was main-
tained during 24 hours. For patients which underwent
cooling after resuscitation, clinical variables and neuro-
physiological tests were performed after rewarning. In our
practice, bilateral lack of cortical response to SSEPs leads
to active care withdrawal.
Statistical analysis
Quantitative variables were expressed as means ± standard
deviation (SD) with their 95% confidence intervals (CI).
Qualitative variables were expressed as percentages with
their 95% CIs.
All analyses were replicated for day one and day three var-
iables. Firstly, we investigated the univariate associations
between clinical and EEG results (predictors) and out-
comes (pejorative results of SSEPs and 6-month poor neu-
rological outcome) using Fisher exact tests. Secondly, we
constructed a multivariable model predicting the proba-
bility of outcome by performing a backward logistic
regression that included variables associated at p < 0.25 in
univariate analysis. Thirdly, we computed a score, based
on the point system developed by Sullivan [25], using the
beta coefficients of all risk factors that were significantly
associated with outcomes in the multivariable analysis.
The beta coefficients were multiplied by 10 to round them
to the nearest integer and then were summed. Fourthly,
we plotted Receiver Operating Characteristics (ROC)
curves to estimate the capacity of the score to predict out-
come using the Area Under Curve (c-index), sensitivity
(Se) and specificity (Sp). We used SPSS 14.0 (Chicago, IL)
for data analysis. All tests were two-sided and a p-value <
0.05 was considered statistically significant.
Results
Baseline characteristics and neurological outcome
Of the 109 consecutive patients resuscitated after a cardiac
arrest outside the hospital and admitted to our intensive
care unit during the study period, 66 fulfilled inclusion
criteria for analysis: 34 (52%) in group 1 (unfavorable
result of SSEPs) and 32 (48%) in group 2 (favorable result
of SSEPs), as shown in Figure 1. Patient baseline charac-
teristics are presented in Table 1. Fifteen patients (22%)
underwent cooling after resuscitation (6 in group 1 and 9
in group 2). Only asystole as cardiac rhythm before CPR
(odds ratio [OR] = 0.3; 95% CI = 0.1–1; p = 0.04), and
duration of CPR > 15 min (OR = 0.3; 95% CI = 0.1–0.9; p
= 0.03) were significantly associated with group 1. The
neurological outcome at six months was favorable in 13
(20%) patients, all in group 2 (Figure 1).
Predictors of unfavorable result of SSEPs
In univariate analysis (Table 2), absence of corneal and
pupillary reflexes, myoclonus, and extensor or absent
motor response to painful stimulation was significantly
associated with group 1 at day one and day three. A malig-
nant EEG was also significantly associated with group 1 at
day three. In multivariate logistic-regression analysis
(Table 2), absence of corneal reflex, myoclonus, extensor
or absent motor response to painful stimulation were
independently associated with a unfavorable result of
SSEPs, at both day one and day three. In addition, absence
of pupillary reflex and a malignant EEG were also inde-
pendently associated with group 1 at day three.
Score predictive of unfavorable result of SSEPs
At days one and three, the prediction models included
three and five variables, respectively: myoclonus (30
points), extensor or absent motor responses to painful
stimulation (17 points), and absence of corneal reflex (10
points) for day one, and extensor or absent motor
responses to pain (28 points), myoclonus (25 points),
absence of pupillary (21 points) and corneal (14 points)
reflexes, and a malignant EEG (11 points) for day three.
As shown in Figures 2a and 2b respectively, the ROC
curves for unfavorable result of SSEPs indicated a score ≥
88.5 points with a positive predictive value of 100% and
a sensitivity of 18% (95% CI = 8–27) at day three, but
failed to determine a score with a positive predictive value
of 100% at day one. The scores with the highest specificity
and sensitivity were ≥ 28.5 points (day one; Sp = 75%
[95% CI = 65–85], Se = 88% [95% CI = 80–96]) and ≥
40.5 points (day three; Sp = 84% [95% CI = 76–93], Se =
85% [95% CI = 77–94]), with a positive predictive value
of 79% and 85%, respectively. At days one and three,
these scores predicted absence of early cortical responses
to SSEPs with a false positive rate of 21% (day one) and
15% (day three).
Score predictive of unfavorable outcome (GP-CPC 4 or 5)
As shown Figures 3a and 3b, the ROC curves for unfavo-
rable outcome determined a score ≥ 52 points at day one
and a score ≥ 69 points at day three, with a positive pre-
dictive value of 100% and a sensitivity of 35.8% (95% CI
= 24–47) and 32% (95%CI = 21–43), respectively. AnBMC Cardiovascular Disorders 2008, 8:35 http://www.biomedcentral.com/1471-2261/8/35
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unfavorable outcome was predicted in more than a quar-
ter of the studied population with no false positives. The
scores with the highest specificity and sensitivity were ≥ 22
points (day one; Sp = 92% [95% CI = 86–99], Se = 79%
[95% CI = 70–89]) and ≥ 32 points (day three; Sp = 85%
[95% CI = 76–93], Se = 85% [95% CI = 76–94]) with a
positive predictive value of 98% and 96%, respectively.
The presence of two or more predictors at day one or day
three predicted an unfavorable outcome with a false posi-
tive rate of 2% and 4%, respectively.
Contribution of the score to predict the outcome among 
subjects with a favorable result of SSEPs
Among 32 patients with a favorable result of SSEPs, 19
patients had an unfavorable neurological outcome at six
months (Figure 1). As shown in Figure 4, the scoring sys-
tem with 100% specificity at day one (score ≥ 52 points)
and at day three (score ≥ 69 points) predicted death or
vegetative state in two and one patients, respectively. At
day three, the score (≥ 32 points) with the highest sensi-
Table 1: Baseline characteristics of patients (n = 66).
Characteristics
Age (years) 57,2 +/- 12,8
Sex ratio:% male 77%
SAPS II 63 +/- 15
APACHE II 26 +/- 7
Medical History
Cardiovascular diseases n (%) 28 (42)
Neurologic diseases n (%) 5 (8)
Respiratory diseases n (%) 4 (6)
Metabolic diseases n (%) 11 (17)
Primary cause of arrest
Cardiac n (%) 39 (59)
Pulmonary n (%) 16 (24)
Other or unknown n (%)# 11 (17)
Time between arrest and initiation of CPR initiation of CPC
< 3 minutes n (%) 15 (23)
> 3 and < 5 minutes n (%) 5 (8)
> 5 minutes n (%) 34 (52)
Unknown n (%) 12 (18)
Primary rhythm
Ventricular fibrillation n (%) 19 (29)
Ventricular tachycardia n (%) 3 (5)
Asystole n (%) 28 (42)
Unknown n (%) 16 (24)
Duration of CPR
< 5 minutes n (%) 8 (12)
> 5 and < 15 minutes n (%) 22 (33)
> 15 minutes n (%) 31 (47)
Unknown n (%) 5 (8)
Data are presented as the mean +/- standard deviation (SD) or number (%) when appropriate.
SAPS II: Simplified Acute Physiology Score type II. APACHE II: Acute Physiology And Chronic Health Evaluation II. CPR: Cardipulmonary 
Resuscitation
#5 unknown, 3 hangings, 1 anaphylactic shock, 1 hypothermia, 1 hyperkaliemia
Profile of the study Figure 1
Profile of the study.BMC Cardiovascular Disorders 2008, 8:35 http://www.biomedcentral.com/1471-2261/8/35
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tivity and specificity accurately predicted an unfavorable
outcome in 9/19 (47%) patients, but failed in two.
Discussion
Anoxic coma following cardiac arrest is a common prob-
lem with great ethical, social, and legal consequences. To
our knowledge, except for unfavorable SSEP results, pre-
dictors of unfavorable outcome with a 100% specificity
and a high sensitivity are lacking [1,11]. We have identi-
fied an early clinical and electrophysiological score that
has 100% predictive value of unfavorable result of SSEPs.
In addition, we complemented this result with a score pre-
dictive of a poor neurological outcome (death or vegeta-
tive state) in more than two-thirds of patients, with a low
false positive rate (4%) at day three. These results may
have important implications in determining the level of
care to be provided three days after cardiac arrest, if SSEPs
cannot be performed.
SSEPs are considered as the most accurate predictor of an
unfavorable outcome in survivors after a cardiac arrest
[1,5,8,12-17]. SSEP assessment is superior to clinical or
EEG tests in terms of low false positive rates and high
prevalence of abnormal test results [8], and the results of
SSEP assessment are less affected by metabolic changes
and sedative drugs than are clinical features and EEG read-
ings [26,27]. In addition, SSEPs can be used in patients
treated with hypothermia [16,28,29].
Our study confirmed the poor likelihood of awakening in
patients who remained comatose after cardiac arrest, as
80% of our patients never regained consciousness. This
result is consistent with results of previous studies that
included only patients who remained unconscious 24
hours after cardiac arrest [2,3,5,8,17,30].
We found that 51% of patients had no early cortical
responses to SSEPs, in agreement with previous reports
[5,8,17,30]. Furthermore, the presence of early cortical
responses to SSEPs was a poor predictor of a favorable
outcome as previously reported [4,5,8]; indeed, only 40%
(13/32) of our patients with a favorable result of SSEPs
made a good recovery.
Because the results of SSEPs demonstrate 100% specificity
as a predictor of poor outcome in half of patients in coma
patients after a cardiac arrest [1,5,8,12-17], we wanted to
identify predictors of unfavorable SSEP result as potential
substitutes for SSEPs, in settings without access to SSEPs.
At day three, we identified a score (≥ 88.5 points) based
on factors that were independently associated with an
unfavorable SSEP results (Table 2) with 100% positive
predictive value but low sensitivity (18%). In clinical prac-
tice, this score could allow early identification of a sub-
group of irrecoverable patients for whom continued
intensive care could be considered futile. In contrast, the
scores with the highest specificity and sensitivity at days
one and three could allow early identification of a large
Table 2: Results of univariate and multivariate analysis to define predictors of bilateral absence of early cortical responses to SSEPs 
(group 1) at day 1 and day 3.
n = 66 Univariate analysis Multivariate analysis
OR 95% CI* p value Beta** OR 95% CI* p-value
Day-1
Bilateral absence of corneal reflex 6.2 [2.0–19.0] 0.001 1.0 2.7 [0.7–11.0] 0.159
Bilateral absence of pupillary light reflex 9.3 [1.9–45.5] 0.006 - - - -
Presence of myoclonus 22.5 [6.0–83.8] <0.001 3.0 20.2 [4.8–84.7] <0.001
Tonic-clonic seizure 1.2 [0.3–4.9] 0.794 - - - -
Presence of malignant EEG 3.4 [0.8–14.4] 0.090 - - - -
Extensor or absent motor responses to pain 5.4 [1.3–21.8] 0.017 1.7 5.6 [0.9–32.8] 0.055
Day-3
Bilateral absence of corneal reflex 9.9 [3.0–32.4] <0.001 1.4 4.1 [0.8–20.9] 0.088
Bilateral absence of pupillary light reflex 21.7 [2.6–178.1] 0.004 2.1 7.8 [0.7–89.0] 0.097
Presence of myoclonus 7.9 [2.3–27.4] 0.001 2.5 11.7 [2.0–68.3] 0.006
Tonic-clonic seizure 0.2 [0.0–1.5] 0.108 - - - -
Presence of malignant EEG 6.6 [1.9–23.2] 0.003 1.1 3.1 [0.6–16.2] 0.183
Extensor or absent motor responses to pain 22.6 [2.7–186.4] 0.004 2.8 17.3 [1.1–210.0] 0.025
* CI: Confidence Interval; ** Beta denotes the estimated coefficient in the multivariate logistic regression model which predicted poor SSEPs results. 
The score related to each item is calculated as follows: points = beta × 10, according to Sullivan et al. [25]BMC Cardiovascular Disorders 2008, 8:35 http://www.biomedcentral.com/1471-2261/8/35
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Receiver operating characteristic curves at day 1 (2a) and day 3 (2b) of prediction models for bilateral absence of early cortical  responses to SSEPs Figure 2
Receiver operating characteristic curves at day 1 (2a) and day 3 (2b) of prediction models for bilateral absence 
of early cortical responses to SSEPs. (2a) The prediction model was based on following predictors at day 1: myoclonus, 
extensor or absent motor responses to pain and absence of corneal reflex. (2b) The prediction model was based on following 
predictors at day 3: extensor or absent motor responses to pain, myoclonus, absence of pupillary and corneal reflexes and a 
malignant EEG.BMC Cardiovascular Disorders 2008, 8:35 http://www.biomedcentral.com/1471-2261/8/35
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fraction of patients with unfavorable SSEPs results. How-
ever, the high false positive rate of these scores limits their
use as potential substitutes for SSEPs, particularly when
considering early withdrawal of intensive treatment.
Regarding poor neurological outcome, the score (Table 2)
at day one and day three predicted death or vegetative
state with 100% of specificity in one-quarter of our
patients, suggesting that a definitive pejorative prognosis
could be established early in a subset of patients for
whom intensive treatment could be withdrawn. These
scores combining simple clinical signs and EEG patterns,
had a lower sensitivity than an unfavourable result of
SSEPs alone. However, in patients with a favourable result
of SSEPs, this scoring system could help in the identifica-
tion of a subgroup of irrevocable patients.
However, the retrospective, single-center design of this
study and the relatively small number of patients studied
could limit the interpretation and the clinical relevance of
our data. Another aspect that could limit the applicability
of these data is that early withdrawal of treatment for
patients with poor prognoses could result in a self-fulfill-
ing prophesy of poor outcome. However, all of our
patients were actively supported at least until SSEPs were
assessed, and only a lack of bilateral cortical responses to
SSEPs led to active care withdrawal.
Conclusion
We developed a scoring system based on a combination of
early clinical and EEG factors that predicts with certainty
an unfavorable result of SSEPs or a poor neurological out-
come with a great accuracy in a subset of comatose survi-
vors after a cardiac arrest. This scoring system had a lower
sensitivity than an unfavourable result of SSEPs alone to
predict death or vegetative state. However, this scoring
system could assist clinicians, in settings without access
SSEPs or when an early cortical response (N20) to SSEPs
is present, in the early identification of a subgroup of irre-
coverable patients for whom intensive treatment could be
regarded futile and only palliative care could be given.
This strategy needs to be confirmed by larger prospective
trials.
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